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In this work, The Electrical behaviour of ZnO based varistor is improved . On using the classical 
proceeding for fabricating the ceramic for Electronic, we have prepared different samples with different 
oxide additives such as (Bi2O3, Nb2O5, MnO2, Co3O4, Cr2O3, NiO,Ce2O3, and La2O3).We have got several 
lots , each of one represents one sample . We have optimized the percentage of the impurity as following: 
On varying the imp
which will be used in the final composition .Finally, we have mixed all best values together so we got a 
value of( 100±2) and the non-linear region of the I-V characteristic of the varistor was improved.
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1. Introduction
                   Fig: 1  Granular structure of ZnO based varistor.                                       Fig.2.Typical current-voltage 
                                                                                                             characteristics for ZnO varistors
                                           
2. Experimental procedures 
ZnO- -linear ceramic resistors that are used to sense and limit 
transient voltage surges and to do so repeatedly without being destroyed[1], these devices posses 
current (I)-voltage (V) characteristics very close to that of back to back zener diodes [2]. These properties 
are attributed to their microstructure which is an intrinsic property of the ZnO-based varistor[2].these 
devices are prepared by the classical techniques of ceramic fabrication. They present a granular 
structure in which the n-doped ZnO grains are separated by a thin insulating intergranular phase[2]. A 
Schottky barrier is formed on the junction created between two adjacent grains .the barrier high equal 
to(3) volts[2]. A schematic image of the electrical behaviour for varistors is shown in Fig.2. Three distinct 
regions can be identified in the I-V plot: pre-switch region (zone1), switching or breakdown region 
(zone2), and high current region (zone3)[3] .A threshold voltage (Vs
main characteristics which are normally measured across the varistor at the current density of 
1mA/mm2 [4]. In addition the leakage current (If) measured at VS/2 is the other principal characteristics
of these elements [4].
The  non Ohmic  property  of  ZnO  varistors  is  largely  affected  by  the addition  of metal  oxides [1]
in which  the  addition  them  can  enhance  the nonlinear coefficient of the varistors.
In  the  present  investigation  we  improved  the  electrical  properties  of  ZnO varistors  doped  with  
different percentages of metal oxide so we  enhance the  nonlinear  coefficient  of  the  varistors  and  
also promotes the nonlinearity of the ZnO varistors.
The ZnO varistors were prepared by the procedure as following. Eight different systems of ZnO 
varistors were prepared to investigate the effect of impurities additive on the electrical characteristics of 
ZnO varistors, .These chemical components of eight lots of ZnO varistors are illustrated in table1. The 
mixture was dried with by heating chamber and then pressed into discs at a pressure of 500 kg/cm2.
These discs were sintered at 1150°C for 2hrs in air and then furnace-was cooled to room temperature 
with a programmed thermal cycle. After lapping the both surfaces of the sintered samples, Ag / pt 
electrodes were applied to both surfaces. The standard final samples have 20 mm in diameter and 2 mm 
in thickness.
130   Khalaf AL Abdullah et al. /  Energy Procedia  19 ( 2012 )  128 – 142 
Table 1. Chemical  components  of  eight  different systems of  ZnO varistors
Sample Composition  X% mol
A1
                  
A2 
                
A3
                  
A4
A5
A6
A7
A8             
%)]32%())%100[(( molOBiXZnOX
%)]%()32%1())%99[(( 52 molONbXOBiZnOX
%)]2%()%2.0()32%1())%100[(( 52 molMnOXONbOBiZnOX
%])%())%100[(( 43 molOCoXZnOX
%])%())%100[(( 32 molOCrXZnOX
%])%())%100[(( molNiOXZnOX
%])%())%100[(( 32 molOCeXZnOX
%])%())%100[(( 32 molOLaXZnOX
(0.5-0.75-1-2)
(0.1-0.2-0.3-0.4-0.5-0.6)
(0.1-0.2-0.3-0.4-0.5-0.6)
(0.2-0.5-1-1.5)
(0.2-0.5-1-1.5)
(0.2-0.5-1-1.5)
(0.2-0.4-0.6-0.8)
(0.2-0.4-0.6-0.8)
3. Results and discussion
The I-V  characteristics of ZnO varistors were measured by using  a  precise  electrometer  
(MEGOHMETER (M1500P)) and  the  nonlinear  coefficient for threshold voltage (near 1mA/cm2)
was  by  the  following  equation :
dLnV
dLnI where I and V are the current and voltage respectively.
The results of the previous eight samples will discussed in this section. The measured current voltage  
(I-V) characteristics of sample (A1) were illustrated in Fig. 3. Comparing the results of four samples, we 
observe that there are large differences existing in the electrical characteristics among four sample. The 
nonlinearity factor, , threshold voltage, Vs, and leakage current If, are the most important parameters to 
be measured from the electrical characteristics of ZnO varistors. The evaluation of these parameters are 
shown in Table 2. The sample A1 has the highest nonlinearity coefficient and lowest leakage current (has 
the best electrical characteristic) when Bi2O3 =1mol%.
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Fig.3 (I-V)  characteristics of sample (A1)
Table (2) electrical properties of sample A1
Sample A1 nonlinearity Threshold voltage VS (V/mm) leakage  current  (If) (μA)
(0.5mol%) Bi2O3         
(0.75 mol%) Bi2O3      
(1 mol%) Bi2O3           
(2 mol%) Bi2O3
                      
10
13
18
12
70
88
105
113
27.5
18.6
8.1
17
Fig.(4 and Bi2O3 percentage rates         Fig.(5) Relationship between (Vs) and Bi2O3 percentage rates
Figure( 2O3 percentage rates and figure (5) depicts  the  
relationship between ,VS, and Bi2O3 percentage rates of varistor  sample A1.
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                                                              Fig.6 (I-V)  characteristics of sample (A2)
Table (3) electrical properties of sample A2
Sample A2 nonlinearity Threshold voltage VS (V/mm) leakage  current  (If) (μA)
(0.1mol%) Nb2O5        
(0.2 mol%) Nb2O5       
(0.3mol%) Nb2O5        
(0.4 mol%) Nb2O5
(0.5 mol%) Nb2O5
(0.6 mol%) Nb2O5
        
23
29
24
19
15
12                         
141
152
154
147
139
127
0.89
0.87
0.95
1.1
1.45
1.9
On doping the lot A1 (ZnO- Bi2O3 ) by Nb2O5 we obtain the lot A2 representing the ZnO varistor  which 
has  a good nonlinear I-
to 29( table 3) . From this Figure, It can be concluded  that, the threshold voltage increases considerably 
when Nb2O5 varies between 0.1%mol and 0.3%mol, then it decreases with the increasing of  Nb2O5 up to 
highest nonlinearity coefficient  and lowest leakage  current (has the  best electrical characteristic) when 
Nb2O5 =0.2mol%.
2O5 percentage rates are shown on  fig. 7 and Fig. 8 
respectively (sample A2).
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2O5 percentage rates          Fig.(8) Relationship between (Vs) and Nb2O5 percentage rates
Fig.9 (I-V)  characteristics of sample (A3)
On doping the lot A2 by MnO2 which varies from (0.1 mol%)  up to (0.6 mol%), the corresponding 
characteristics of these percentages are shown on Fig. 9. The knee gradually becomes more pronounced 
and the varistor effect  is  enhanced. When the quantity of  MnO2 becomes  more than (0.5 mol%), the 
threshold voltage, Vs, decrease and return to its initial value before (0.5%mol) MnO2 . Table  4 shows the 
sample (A3) as a function of MnO2 percentage. It is shown that The value of Vs, was  greatly increased 
from 123 to 151 V/mm with the increase of MnO2. The  sample  A3  has  the  highest nonlinearity 
coefficient  (has the  best electrical characteristic) when MnO2 =0.5mol%.
2 percentage rates 
respectively for  ZnO varistor  (sample A3).
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Table (4) electrical properties of sample A3
Sample A3 nonlinearity Threshold voltage VS (V/mm) leakage  current  (If) (μA)
(0.1mol%) MnO2            
(0.2 mol%) MnO2           
(0.3mol%) MnO2            
(0.4 mol%) MnO2
(0.5 mol%) MnO2
(0.6 mol%) MnO2
        
36
40
43
45
50
43
123
125
127
130
142
151
1.05
0.89
0.87
0.76
0.75
0.72
and MnO2 percentage rates Fig.(11) relationship between (Vs) and MnO2 percentage rates
                                                          Fig.12 (I-V)  characteristics of sample (A4)
Using the lot A4, we obtain sample A4(table1). The figure 12 shows the I V characteristics of ZnO 
varistor with various Co3O4 contents. 
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Table (5) electrical properties of sample A4
Sample A4 nonlinearity Threshold voltage VS (V/mm) leakage  current  (If) (μA)
(0.2mol%) Co3O4               
(0.5 mol%) Co3O4              
(1mol%) Co3O4                  
(1.5 mol%) Co3O4
        
15
18
21
19
33
37
40
43
7.6
7.9
8.5
9.1
Fig.( and Co3O4 percentage rates      Fig.(14) relationship between (Vs) and Co3O4 percentage rates
The physical parameters characterizing  the  sample A4, such as threshold  voltage (Vs), nonlinear 
Vs respectively. The  value of voltage, Vs, monotonously greatly increased from 33 to 43 V/mm as the 
Co3O4 content increased( fig.14). This is attributed to the increasing of the number of grain boundaries 
3O4
up to 1.0mol.%, reaching a maximum value which equals to 21, whereas the further addition caused the 
The figure 15 shows the  I-V characteristics of the varistor sample A5  representing the ZnO doped with 
Cr2O3 varying from (0.2) to (1.5) mol%. In this experiment, percentage rate (0.5%mol) was found to be 
m
with increasing Cr2O3 content. This is attributed to the increase of the number of grain boundaries due to 
the decrease of the average grain size. The leakage current decreases from (6μA)  to (4.5μA) when Cr2O3
varies from 0.2 to 1%mol  and then the leakage current, If, increases from (4.5μA) to (12μA) with the 
addition of Cr2O3 voltage VS
, and  the leakage  current  ,If , are  shown in Table 6.
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Fig.15 (I-V)  characteristics of sample (A5)
Table (6) electrical properties of sample A5
Sample A5 nonlinearity 
coef
Threshold voltage VS (V/mm) leakage  current  (If) (μA)
(0.2mol%) Cr2O3                
(0.5 mol%) Cr2O3               
(1mol%) Cr2O3                  
(1.5 mol%) Cr2O3        
23
28
26
23
49
58
69
76
6
5.4
4.5
12
and Cr2O3 percentage rates        Fig.(17) Relationship between (Vs) and Cr2O3 percentage rates
2O3 percentage rates for 
sample A5.
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Fig.18 (I-V)  characteristics of sample (A6)
Table (7) electrical properties of sample A6
Sample A6 nonlinearity Threshold voltage VS (V/mm) leakage  current  (If) (μA)
(0.2mol%) NiO                  
(0.5 mol%) NiO                 
(1mol%) NiO                     
(1.5 mol%) NiO    
26
33
31
25
69
76
87
100
3.1
4
4.3
4.5
The figure 18 shows the  I-V characteristics of the varistor for S
Vs,
figures 19 and 20 . It is  noted that, the leakage current ,If, increases slightly with increasing NiO. We  
suggest then,  that the conducting carriers density Nd (cm-3) is increased which is due probably to 
ionization of  the NiO( NiO Ni-2+O+2), Which means there is a migration of oxygen ions  O+2 toward  
the junction to participle to the formation of surface density, Ns ( cm-2),  and a migration of electrons(e-)
from the Ni-2( Ni 2e-+Ni-2)inside the bulk of grains may be happen. It is concluded that density of 
electrons is dominant .It result that, the barrier high, , decreases as the following relationship:
=
Nd
q Ns
..2
.
2
when NiO continue to increase. For the other wise, the Vs increases from 69 to 100 V/mm monotonously.
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and NiO percentage rates          Fig.(20) relationship between (Vs) and NiO percentage rates
                                                                    Fig.21 (I-V)  characteristics of sample (A7)
Table (8) electrical properties of sample A7
Sample A7 nonlinearity Threshold voltage VS (V/mm) leakage  current  (If) (μA)
(0.2mol%) Ce2O3               
(0.4 mol%) Ce2O3               
(0.6mol%) Ce2O3               
(0.8 mol%) Ce2O3    
23
32
28
25
34
42
46
53
9.19
5.7
3.9
2.3
The figure 21 shows the I V characteristics of the ZnO (sample A7) doped with different additives of 
Ce2O3. It is shown from this figure, that is a clear appearance of the linear and non-linear regions. The 
nonlinear coefficient, , increases which  arrives at its maximum value(32 at percentage 0.4mol%, of 
Ce2O3), and dramatically decreases after this value.
2O3 percentage rates  of sample A7 
respectively.
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and Ce2O3 percentage rates    Fig.(23) relationship between (Vs) and Ce2O3 percentage rates
Fig.24 (I-V)  characteristics of sample (A8)
Table (9) electrical properties of sample A8
Sample A8 nonlinearity 
co
Threshold voltage VS (V/mm) leakage  current  (If) (μA)
(0.2mol%) La2O3               
(0.4 mol%) La2O3               
(0.6mol%) La2O3               
(0.8 mol%) La2O3
17
23
30
21
36
41
48
54
7.17
4.2
4
3.7
The I V characteristics of the sample A8 with various La2O3 contents are  shown on figure 24. It can be 
forecasted that at  0.6mol% La2O3,the varistors  exhibit the best nonlinear coefficient ( = 32). For 
additives of La2O3 above 0.6mol%  the nonlinearity coefficient  is  gradually become less pronounced 
and it  will be reduced. The detailed I V characteristic parameters are summarized in table 9. It is shown, 
the Vs is increased when the La2O3 content increased.
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and La2O3 percentage rates Fig.(26) Relationship between (Vs) and La2O3 percentage rates
%)]%3.95()%4.0()%6.0()%5.(
)%1()5.0()%5.0()%2.0()%1[(
3232
433225232
molZnOOCeOLaNiOO
OCoOCrMnOONbOBi
Fig.27 (I-V)  characteristics of the new sample
2O3 percentage rates for sample A8  are depicted on  Figures 25 and  
26  respectively .
mixed them together to got a new sample consisting of the following Composition: 
The  measured  current  - voltage  (I-V)  characteristics of the new sample is illustrated in the figure 27
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2) and the non-linear region of the I-V characteristic of the varistor was improved. The threshold  voltage, 
Vs, was  increased to the 140V/mm. This is attributed firstly to the increasing of the number of grain 
boundaries caused by the decreasing in the ZnO grain size, for constant thickness of the sample.  The 
bulk density of new sample equals to 5.65±0.05gr/cm3.
Comparing our results with the results of others[5-6-7-8-9-10-11-12].e.i, Jinliang HE, Wangcheng LONG et al, 
and  Jun HU and Jun LIUThe,et al[5] who studied the microstructures and  electrical characteristics  (I-V),
of ZnO varistors with various amounts of nickel oxide additive. their work shows that, the non-linear 
of nickel oxide. In addition, the results of Choon-Woo 
Nahm,[11] who investigated the microstructure and electrical properties of ZnO-based ceramics with 
various La2O3 contents. The varistors with 0.5 mol% La2O3 exhibited an excellent nonlinear properties, 
which a nonlinear coefficient which equals to 81.6 and the leakage current is 0.2 μA. So, we can 
conclude that our result gives excellent nonlinear properties which are the improved comparing with the 
others.
CONCLUSION
We Can conclude that the non-linear coefficient, was optimized , then all the best values of percentage 
were  mixed and added together to the ZnO-based ,The value of , is increased to  reach at  the value of
(100 ± 2). The value of threshold voltage,Vs, varied  according to the type and amount of oxide additive,
such as Bi2O3, MnO2, CeO3, La2O3, NiO, Cr2O3 and Co2O3,.While These additives such as: Nb2O5,
Co2O3, Cr2O3 contribute to the increasing of the  Leakage current, If, .In other hand  the  oxides such as 
Bi2O3, MnO2, Ce2O3 and La2O3 contributed to reduce the value of leakage current, If.
References
[1]  Gautam .C. R, Parkash .O, and Kumar .D "Effect of Niobium Doping on Electrical Properties of ZnO Varistors", Institute 
of Technology, Banaras Hindu University, Varanasi, (2004).
[2]  Al Abdulla .K, Bui .A, and Loubiere .A '' Low frequency and low temperature behavior of ZnO-based varistor by ac 
impedance measurements '' University paul sabatier 
[3]  Orvatinia .M, Gandomkar .S " I-V Characteristics of a ZnO Thick-Film Varistor Fabricated by Cold-Pressing Method "  
ICT faculty, Tehran/Iran, Islamic Azad university of Busher, Busher/Iran, (2008).
[4]  Meshkatoddini .M.R "investigation of the Influence of the ZnO Varistor preparation method on its characteristics ", 
Shahid Abbaspour PWUT University of Technology, Tehran,  Iran,(2006).
[5]  Jinliang .HE, Wangcheng .LONG, Jun .HU and Jun .LIU "Nickel oxide doping effects on electrical characteristics and 
microstructural phases of ZnO varistors with low residual voltage ratio" State Key Lab of Power Systems, Department of 
Electrical Engineering, Tsinghua University, Beijing 100084, China
[6]  Gilbert .I and Freer .R, Phys .J: Condens. Matter, 14, 945954 (2002).
[7]  Nahm .C. W, Mater .Sci. Eng, B, 151, 146151 (2008).
[8]  Long .W. C, Hu .J, Liu .J and He .J. L, Mater. Lett., 64, 10811084 (2010)
[9]  Adams .T. B, Sinclair .D. C. and West .A. R, Adv. Mater., 14, 13211323 (2002).
142   Khalaf AL Abdullah et al. /  Energy Procedia  19 ( 2012 )  128 – 142 
[10]  Zhou . X., Yan .J, Wang .J, Wang .G, Liu .L and Shu .G, Can. Mineral., 35,3538 (1997).
[11]  Chon-Woo Nahm"Influence of La2O3 additives on microstructure and electrical properties of ZnO-Pr6O11-CoO-Cr2O3-
La2O3-based varistors" Department of Electrical Engineering, Electronic Ceramics Center, Dongeui University, Busan 614-
714, Korea (2005).
[12]  Hozer .L, Semiconductor ceramics: grain boundary effects, Ellis Horwood Press, (1994), p. 22.
